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Left Ventricular Wall Motion Abnormalities in Patients With
Subarachnoid Hemorrhage
: Neurogenic Stunned Myocardium
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HARUHIKO ONAKA, MD, HIROYUKI TAKATSUKA, MD, AKIRA FUJIWARA, MD
Osaka, Japun
(N* lives. The purpose of this study was
to determine whether
a relation
exists between electrocardiographic (ECG) abnormali .
ties and left ventricular wall motion in patients with subarachnoid
hemorrhage.
Background. Although ECG changes simulating acute myocar-
dial infarction are frequently seen in patients with subarachnold
hemorrhage, their relation to left ventricular wall motion has not
been established.
Methods. Twelve patients with subarachnoid hemorrhage were
classified according to the presence of ST segment elevation in at
least two consecutive leads on admission : seven patients with ST
segment elevation (group 1) and five patients without ST segment
elevation (group II) . No patients had a previous history of heart
disease. Left ventricular regional wall motion was evaluated by the
centerline method. The mean (tSEM) duration from onset of
suharachnoid hemorrhage to left ventriculography was 9 t 3 h in
group I and 10 ± I h in group II . Coronary angiography was
performed to rule out wall motion abnormalities d re to coronary
Electrocardiographic (ECG) changes simulating acute myocar-
dial infarction have been reported to occur in 0 .8% (1) to
10.2% (2) of patients with suharachnoid hemorrhage . Nine-
teen (9.3%) of 205 patients admitted to the Osaka Mishima
Critical Care Medical Center between October 1988 and
November 1993 developed ST segment elevation in at least two
consecutive ECG leads on admission despite the fact that most
patients had no history, signs or symptoms of cardiac disease .
These changes were initially believed to be the result of neural
influences rather than myocardial damage because no macro-
scopic cardiac abnormalities were detected at autopsy (3,4) .
However, subsequent studies demonstrated that definite car-
diac injury occurs with subarachnoid hemorrhage . Koskelo et
al . (5) described subendocardial hemorrhagic lesions in three
patients with subarachnoid hemorrhage and ECG changes .
Doshi and Neil-Dwyer (6) reported that 42 of 54 patients with
subarachnoid hemorrhage had microscopic evidence of myo-
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artery disease while the ST segment was still elevated . Two-
dimensional echocardiography was used to evaluate wall motion
thereafter.
Results. All patients in group I showed ST segment elevation in
ECG leads V. to V6 . Wall motion of the left ventricular apex was
significantly reduced in group I compared with group II (-2 .48
0.41 vs. -0.45 ± 0.72, p < 0.02). No patients showed organic
stenosis or vasospasm, or both, of epicardial coronary arteries .
Wall motion abnormalities decreased echocardiographically in all
patients, but one patient in group I died in hospital at 2 or 3 weeks
after the onset of subarachnoid hemorrhage, when the T wave was
inverted in leads V,, to V6.
Conclusions. These findings suggest that patients with sub .
arachnold hemorrhage and ST segment elevation may demon-
strate transient corresponding regional wall motion abnormali-
ties . The mechanism of neurogenic stunned myocardium was not
clearly elucidated in the present study .
(J Am Colt Cardiol 1994;24:636-40)
cardial damage at autopsy . Pollick et al . (7) demonstrated that
4 of 13 patients with suharachnoid hemorrhage whose ECG
showed T-wave inversion developed left ventricular wall mo-
tion abnormalities detected by echocardiography . However,
coronary angiography was not performed in their study ; there-
fore, left ventricular wall motion abnormalities caused by
coronary artery disease could not be ruled out. The purpose of
the present study was to examine the relation, if any, between
ECG abnormalities and left ventricular wall motion in patients
with subarachnoid hemorrhage .
Methods
Study patients. We studied 12 patients with subarachnoid
hemorrhage who were admitted to the Osaka Mishima Critical
Care Medical Center between October 1988 and November
1993. Subarachnoid hemorrhage was documented by com-
puted tomography ; all patients underwent cerebral angiogra-
phy. The patients were classified according to the presence of
ST segment elevation in at least two consecutive ECG leads on
admission : seven patients with ST segment elevation (group I)
and five patients without ST segment elevation (group II). No
patient had a previous history of heart disease . The neurologic
grade on admission was assessed with the grading system of
0735-1097/94/$7.00
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Table 1 . Clinical and
Neurologic Characteristics of Patients With (Group I) and Without (Group II)
ST Segment Elevation
Hunt and Kosnik (8) for subarachnoid hemorrhage, and the
computed tomography was evaluated according to the classi-
fication of Fisher et al . (9) . All patients in group I showed ST
segment elevation in leads
V4
to V, on admission (Table 1) .
Two of five patients in group 11 showed a flattened T wave in
leads
V4 to
V 6 on admission . The QT interval corrected for
heart rate (QT/VR - R) was prolonged in both group I and 11
patients ([mean ± SEMI 0.47 ± 0 .01 s vs . 0.47 ± 0 .01 s, p =
NS). There were no ether ECG abnormalities in group I or II
patients . As shown in the Table 1, there was no difference with
regard to age, gender, location of aneurysm, neurologic grade
or computed tomography between group I and 11 patients .
The protocol was approved by the Institutional Review
Board of the Osaka Mishima Critical Care Medical Center in
August 1988 . Informed consent was obtained from all patients
or their family members after the purpose of this study was
fully explained .
Left ventriculography. The mean duration from the onset
of subarachnoid hemorrhage to left ventriculography was 9 ±
3 h in group I and 10 ± I h in group 11. In all patients, left
ventriculography was performed in the right anterior oblique
projection during injection of 30 ml of contrast material
(Hexabrix 320, Tanabe Seiyaku Co . Ltd., Japan), and the
image was recorded on 35-mm tine film at 30 frames/s .
Correction for image magnification was made with a calibrated
bar at the level of the left ventricle . Left ventricular chamber
volumes at end-diastole and end-systole were calculated using
the area-length method (10). The end.-diastolic and end-
systolic volume indexes were calculated as the ratio of chamber
volume to body surface area . Left ventricular ejection fraction
was calculated as the ratio of the difference between end-
diastolic volume and end-systolic volume to end-diastolic
volume. Premature beats and postextrasystolic beats were
excluded from the analysis.
Quantitation of regional left ventricular wall motion. Seg-
mental wall motion of the left ventricle was quantitated using
the centerline method (11) . Wall motion was measured along
100 chords constructed perpendicular to the line drawn mid-
way between the end-diastolic and end-systolic left ventricular
silhouettes. The measured motion of the 100 chords was
normalized by dividing by the length of the end-diastolic
Numbers in parentheses are number of patients. ACOA = anterior communicating artery :
ICPC = internal carotid
posterior cerebral artery ; It = left ; MCA = middle cerebral artery; PICA = posterior inferior cerehellar artery
; ri = right.
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pwimeter, yielding a dimensionless shortening fraction . Be-
cause the normal motion varies from chord to chord, the
normalized motion (M I) at each chord i was converted into
units of normal standard deviations (SD ;) from the normal
mean for motion at each chord (N,): Zi = (M i - N;)/SD ; . This
standardization allowed comparison of the motion of different
regions of the ventricle. Positive values indicate hyperkinesia,
and negative values indicate hypokinesia . Regional left ven-
tricular wall motion was determined by averaging the motion
abnormality, expressed in Zi, of chords I to 20, 21 to 40, 41 to
60, 61 to 80 and 81 to 100, which correspond to the antero-
basal, anterolateral, apical, diaphragmatic and posterohasal
regions, respectively. Thereafter, two-dimensional echocardi-
ography was performed using a Hewlett-Packard ultrasound
imaging system (model 77020A) with a 2.5-MHz transducer to
evaluate the left ventricular wall motion . Left ventriculography
was performed 3 weeks after the onset of subarachnoid
hemorrhage in two patients in group I . The clinicians perform-
ing these measurements were uninformed of the patients'
characteristics .
Coronary angiography . In group I, coronary angiography
was performed using 6F Judkins catheters to rule out left
ventricular wall motion abnormalities resulting from coronary
ai-tery disease in group I at the time of left ventriculography,
when the ECG still showed ST segment elevation.
Statistical analysis . Intergroup comparisons were made
using the unpaired Student t test . The chi-square test was used
to compare the nominal data . A probability <0.05 was consid-
ered significant . All data are reported as mean value ± SEM .
Results
Arterial systolic and diastolic pressures in group I were
significantly lower than those in group 11 (147 ± 6 vs . 166 ±
17 mm Hg and 79 ± 4 vs . 86 ± 9 mm Hg, respectiti-y, both p <
0.05)
. Both left ventricular end-diastolic volume and end-
systolic volume indexes in group I -,wcrc larger ',
.,a ; -, ~ tl
group 11 (66 ± 8 vs . 57 ± 4
MI/MM2,
and 25 ± 4 vs. 20 ±
2
MI/MM2,
respectively), and left ventricular ejection fraction
was smaller (61 ± 5% vs . 65 ± 3%). However, these differ-
ences were not statistically significant . The creatinine
Group I
(n=7)
Group II
(n = 5)
Mean (±SEM) age (vr) 59 ± 6
54±3
Men/women
Location of aneurysm
Grade (Hunt and Kosnik 181)
5/2
ACOA (2) ; MCA :rt (1), It (1) ;
PICA:rt (I), It (1);
undetermined (1)
11 (I)i 111 (4), IV (1), V (I)
NJ
ACOA (2) ; MCA :It (1) ;
ICPC:rt (1), It (I)
11 (1) . 111
(2).
IV (2)
CT group (Fisher et ,it, (91) 3 (4), 4 (3)
3014(1)
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Figure 1. End-diastolic and end-systolic left ventricular angiographic
silhouettes in group I and 11 patients. Chords 1 to 20, 21 to 40, 41 to
60, 61 to 80 and 81 to 100 correspond to anterobasal, anterolateral,
apical, diaphragmatic and posterobasal regions, respectively .
phophokinase measured at 24 h after the onset of subarach-
noid hemorrhage in group I was not significantly different from
that in group 11(322 * 79 vs. 331 ± 127 Ulliter ; normal range
21 to 232 Miter).
Left ventricular wall motion . The wall motion of the
anterobasal, anterolateral, diaphragmatic or posterobasal re-
gion of the left ventricle did not differ between group I and II
patients; however, wall motion of the left ventricular apex in
group I patients was significantly reduced compared with that
in group Il patients (-2 .48 ± 0.41 vs. -0.45 ± 0.72, p < 0 .02)
(Fig. I and 2) . Echocardiographic evidence of improvement of
wall motion was noted in all patients except one in group 1,
who died early in the clinical course, at 2 or 3 weeks after the
onset of subarachnoid hemorrhage, when the ECG showed
inverted T waves in leads V4 to V,,, Left ventriculography
performed at 3 weeks after the onset of subarachnoid hemor-
rhage in two patients in group I revealed marked improvement
in wall motion at the left ventricular apex (Fig . 3 and 4).
Coronary anglography. Coronary angiography in patients
in group I, performed when the ECG still showed ST segment
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Figure 3 . End-diastolic and end-systolic left ventricular angiographic
silhouettes in acute (on admission) and chronic (3 weeks after onset)
subarachnoid hemorrhage in a group I patient .
elevation, demonstrated no organic stenosis or vasospasm of
epicardial coronary arteries .
Discussion
This study demonstrated that patients with subarachnoid
hemorrhage and ST segment elevation may have correspond-
ing regional wall motion abnormalities in the absence of
angiographic evidence of either fixed or vasospastic coronary
obstruction in the acute stage of subarachnoid hemorrhage,
whereas patients without ST segment elevation had normaa
regional wall motion. This finding is consistent with previous
observations (5-7,12,13) that ECG changes simulating acute
myocardial infarction can be caused by neurally mediated
myocardial damage. Wall motion abnormality was improved in
the chronic stage as are those in the postischemic stunned
myocardium. The mechanism of neurogenic stunned myocar-
dium was not clearly elucidated in the present study .
Myocardial damage in patients with subarachoid hemor-
rhage. The ECG changes simulating acute myocardial infarc-
tion arc frequently seen in patients with subarachnoid hemor-
rhage (1,2) and have been considered to be caused by neurally
Figure 2 . Normalized regional wall motion at the
anterobasal (ANT-basal), anterolateral (ANT-lateral),
apical, diaphragmatic (Diaphra) and posterobasal
(POST-basal) regions in group I and 11 patients . The
wall motion is expressed in units of standard deviations
from the normal mean. Positive values indicate hy-
perkinesia, and negative values indicate hypokinesia .
JACC Vol . 24 . No . 3
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Figure 4. Normalized regional wall motion at the
anterobasal, anterolateral, apical, diaphragmatic
and posterobasal regions in acute (on admission)
and chronic (3 weeks after onset) subarachnoid
hemorrhage in a group I patient . Abbreviations as
in Figure 2 .
. 4
mediated myocardial damage (5-7,12,13) . In several studies
(5,6,12,13), myocardial damage has been demonstrated in
patients with subarachnoid hemorrhage on histologic exami-
nation at autopsy . These changes include myocytolysis, myofi-
brillar degeneration and fuchsinophilic degeneration, which
are most frequently detected in the subendocardium of the left
ventricle . Pollick et al . (7) reported that 4 of 13 patients with
subarachnoid hemorrhage whose ECG showed T wave inver-
sion developed wall trntion abnormalities at the left ventricu-
lar apex in the acute stage of subarachnoid hemorrhage that
were detected by echocardiography. In the present study, all
patients with subarachnoid hemorrhage accompanied by ST
segment elevation showed myocardial damage at the left
ventricular apex evidenced by ST segment elevation in leads V 4
to V, and corresponding wall motion abnormalities at the left
ventricular apex. Creatinine phosphokinase was reported to be
elevated in patients with subarachnoid hemorrhage (14-16) ;
however, rarely is the ratio of myocardial isoenzyme/total
creatinine phosphokinase elevated to the extent seen in acute
myocardial infarction (14-16) . In the present study, creatinine
phosphokinase at 24 h after the onset of subarachnoid hem-
orrhage in group I patients was not different from that in group
11 patients, even though we did not measure the myocardial
isoenzyme.
Pollick et al . (7) reported that two of four patients with
subarachnoid hemorrhage and wall motion abnormalities in
the acute stage showed improved wail motion at the subse-
quent echocardiogram . In the present study, echocardiography
demonstrated improvement of wall motion at the left ventric-
ular apex at the chronic stage . Left ventriculography could be
performed in two patients in group I at 3 weeks after the onset
of subarachnoid hemorrhage . In these patients, the wall mo-
tion at the left ventricular apex was markedly improved
compared with that at the acute stage. These findings suggest
that the left ventricular wall motion abnormalities associated
KONO ET AL .
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with subarachnoid hemorrhage may be reversible, as are those
in the postischemic stunned myocardium defined by Braun-
wald and Kloner (17) . Hammenneister and Reichenbach (13)
speculated that the cardiac lesions may be reversible in certain
patients and therefore may not be found at autopsy .
Pollick et al. (7) reported that the left ventricular wall
motion abnormalities seen in patients with subarachnoid hear
orrhage were associated with high neurologic grade and high
mortality rate. However, the present study revealed no signif-
icant difference between group I and 11 patients with respect to
neurologic grade, computed tomography or location of the
aneurysms.
Mechanism of neurogenic stunned myocardium. Increased
local norepinephrine release in the heart as a result of ischemic
stimulation of the hypothalamus after a subarachnoid hemor-
rhage has been considered to be the genesis of myocardial
damage in subarachnoid hemorrhage, probably mediated by
vasoconstriction of coronary arteries or by the direct toxic
effect of norepinephrine (18,19). No patient in group I showed
vasospasm of epicardial coronary arteries on coronary angio-
gram. Although the possibility existed that coronary spasm
occurred earlier than the time of coronary angiogram, we
consist°red spasm of an epicardial coronary artery unlikely as
the genesis of left ventricular wall motion abnormalities asso-
ciated with subarachnoid hemorrhage because coronary an-
giography was performed when the ECG still showed ST
segment elevation . Because vasoconstriction of intramural
coronary arteries could not be evaluated angiographically, the
mechanism of neurogenic stunned myocardium remains un-
known in the present study.
Conclusions . Patients with subarachnoid hemorrhage ac-
companied by ST segment elevation may demonstrate tran-
sient apical regional wall motion abnormalities in the absence
of angiographic evidence of either fixed or vasospastic coro-
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nary obstruction . The mechanism of neurogenic stunned myo-
cardium was not clearly elucidated in the present study .
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